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(54) PATTERN FORMING METHOD 

(57) After an organic bottom anti-reflective coating 
(12) is deposited on an underlying film (1 1), a resist pat- 
tern (15) is formed on the organic bottom anti-reflective 
coating (12). Dry etching is performed with respect to 
the organic bottom anti-reflective coating (12) masked 
with the resist pattern (15) to form an anti-reflective 
coating pattern. The dry-etching of the organic bottom 
anti-reflective coating (12) is performed by using etching 
gas containing gas having the S component such as 
S02/0 2 -based etching gas or COS/0 2 -based etching 
gas. 
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Descrlpti n 
TECHNICAL RELD 

5 [0001 ] The present invention relates to a pattern formation method for forming a resist pattern composed of a resist 
film. More particularly, it relates to the technique of performing dry etching with respect to an organic bottom anti-reflec- 
tive coating deposited under the resist film by using the resist pattern as a mask. 

BACKGROUND ART 

10 

[0002] With the increasing miniaturization of a semiconductor integrated circuit element in recent years, exposing light 
with a shorter wavelength has been used in a lithographic step. At present the use of a KrF excimer laser (with a wave- 
length of 248 nm) or the like is becoming prevalent 

[0003] As the wavelength of exposing light becomes shorter, the reflectivity of light reflected from a substrate after 
is exposing a resist film becomes higher so that the reflected light from the substrate is more likely to cause variations in 
the size of a resist pattern. The variations in the size of the resist pattern are produced as follows. After exposing the 
resist film, the light is reflected from the substrate underlying the resist film and incident again on the resist fflm to re- 
expose the resist film including a portion which should not be exposed. 

[0004] To prevent the reflected light from being incident on the resist film, there has recently been proposed a process 
20 wherein an organic anti-reflection coating (hereinafter simply referred to as ARC in tables and drawings) is formed 
under the resist fflm. The process is primarily used in the manufacturing of a semiconductor element in a high-perform- 
ance device with design rules whereby a gate width is 0.25 |im or less. 

[0005] Referring to Figures 1 (a) to 1 (e), a method of forming a resist pattern by using an organic bottom anti-reflective 
coating will be described. 

25 [0006] First as shown in Figure 1(a), an organic bottom anti-reflective coaling 12 is deposited on an underlying fflm 
11 (such as a polysilicon film, a silicon oxide film, or a tungsten silicide film) to have a flat surface. Then, as shown in 
Figure 1 (b), a resist film 1 3 composed of a positive resist is deposited on the organic bottom anti-reflective coating 1 2. 
[0007] Next, as shown in Figure 1 (c), selective exposure of the resist film 1 3 is performed by using a mask 1 4. Sub- 
sequently, developing treatment is performed with respect to the exposed resist film 1 3 to remove the exposed portion 

30 thereof, thereby forming a resist pattern 1 5 shown in Figure 1 (d). 

[0008] Next, as shown in Figure 1 (e). dry etching is performed with respect to the organic bottom anti-reflective coat- 
ing 12 masked with the resist pattern 15, thereby removing the portion of the organic bottom anti-reflective coating 12 
uncovered with the resist pattern 1 5. 

[0009] However, the pattern formation method using the organic bottom anti-reflective coating 1 2 as described above 
35 presents problems during dry etching performed with respect to the organic bottom anti-reflective coating 1 2, which are 
easily produced variations in the size of the organic bottom anti-reflective coating 12, low selectivity of the organic bot- 
tom anti-reflective coating 12 to the underlying film 11, and an increased number of particles generated in a reaction 
chamber in which etching is performed. 

[001 0] As for the problem of easily produced variations in the size of the organic bottom anti-reflective coating 1 2, the 
40 cause thereof may be simultaneous etching of the resist pattern 1 5 with the etching of the organic bottom anti-reflective 
coating 1 2 since the resist pattern 1 5 is made of a carbon-based material, similarly to the organic bottom anti-reflective 
coating 12. 

[001 1 ] As for the problem of an increased number of particles generated in the reaction chamber, the cause thereof 
may be particles generated from the organic bottom anti-reflective coating 12 during the etching of the organic bottom 
45 anti-reflective coating 12. 

[001 2] To solve each of the above problems, there has been proposed the use of HBr/Og-based gas and rVOg-based 
gas as etching gas for the organic bottom anti-reflective coating 1 2. 

[0013] On the other hand, it has recently been reported that the use of (^^-based gas as etching gas for the 
organic bottom anti-reflective coating 12 improves size controllability and maximizes the selectivity to a polysilicon film 
so as the underlying film (NEC: Nishizawa et al., the 57th Applied Physics Scientific Lecture Meeting (Autumn 1996), No.2 
p.483, 7a-T-1 ). It has also been reported that the use of CO/N^Oa-based gas as etching gas for the organic bottom anti- 
reflective coating 12 improves the selectivity to the resist film {LGSemicon: J eon et al., the 57th Applied Physics Scien- 
tific Lecture Meeting (Autumn 1996), No.2 p.522, 8a-T-7). 

55 (Problem Caused by Etching Using d^AO^-Based Gas) 

[0014] The present inventors performed dry etching with respect to the organic bottom anti-reflective coating 12 by 
using CVC^-based gas and encountered another problem, which will be descrfoed below. 


2 


EP 0 903 777 A1 


[001 5] A description will be given to a method of dry etching performed with respect to an organic bottom anti-reflec- 
tive coating by using Cl^C^-based gas. Although a dry-etching apparatus can be selected from various etching appa- 
ratus, the description will be given to the case where dry etching was performed by using a first etching apparatus 
shown in Figure 2. 

5 [001 6] The first etching apparatus comprises a grounded chamber 21 having an inner wall covered with an insulator 
such as ceramic, alumina, or quartz. 

[001 7] An inner circumferential wall of the chamber 21 is provided with a first lateral electrode 22A, a second lateral 
electrode 22B. and a third lateral electrode 22C, which are equally spaced therearound. The first second, and third lat- 
eral electrodes 22A, 22B, and 22C receive respective supplies of high-frequency power of 54.24 MHz from a first high- 
10 frequency power source 23A, a second high-frequency power source 23B, and a third high-frequency power source 
23C via a matching circuit not shown. The supplies of high-frequency power are equal in discharge power but progres- 
sively shifted in phase by approximately 120°. Specifically, the phase of high-frequency power supplied to the second 
lateral electrode 22B is 120° leading the phase of high-frequency power supplied to the first lateral electrode 22A and 
the phase of high-frequency power supplied to the third lateral electrode 22C is 120° lagging behind the phase of nigh- 
ts frequency power supplied to the first lateral electrode 22A. It is to be noted that a phase shifter not shown produces a 
120° phase shift between the supplies of high-frequency power from each adjacent two of the first to third high-fre- 
quency power sources 23A to 23C. 

[001 8] An earth electrode 24 is disposed on the inner bottom portion of the chamber 21 . A sample stage 25 serving 
as a lower electrode for holding a substrate is provided on the earth electrode 24. A bias high-frequency voltage is 
20 applied from a fourth high-frequency power source 26 to the sample stage 25. 

[001 9] The chamber 21 is provided with a gas inlet for introducing etching gas into the chamber 21 via a mass flow 
controller and with a turbo pump for adjusting pressure in the chamber 21 to be about 0.1 to 10 Pa, though they are not 
shown in the drawings. 

[0020] A description will be given below to a method of dry etching performed with respect to the organic bottom anti- 
25 reflective coating by using the first etching apparatus with reference to Figures 4(a) and 4(b). 

[0021] First, as shown in Figure 4(a), a silicon oxide fflm 42 is thermally grown on a silicon wafer 41 , followed by a 
polysilicon film 43 deposited as an underlying film on the thermally grown silicon oxide film 42. Thereafter, an organic 
bottom anti-reflective coaling 44 with a film thickness of 1 50 nm and a resist fflm are deposited sequentially on the poly- 
silicon film 43. Then, etching is performed with respect to the resist film to form a resist pattern 45 composed of the 
30 resist film. 

[0022] Next, as shown in Figure 4(b), dry etching is performed with respect to the organic bottom anti-reflective coat- 
ing 44 masked with the resist pattern 45. Conditions for the dry-etching process are as shown in Table 1. 
[0023] In Table 1 , LEP (Ussajous Electron Plasma) denotes the frequencies and power of high-frequency power for 
plasma generation supplied from the first to third high-frequency power sources 23A, 23B, and 23C and RF (Radio Fre- 
35 quency) denotes the frequency and power of the bias high-frequency power supplied from the fourth high-frequency 
power source 26. The denotations of LEF and RF remain the same in the following description and tables showing the 
conditions for the etching process. 


Table 1 


CONDITIONS FOR ETCHING PROCESS 

Cl^ 

20/20 (seem) 

LEP/RF 

54.24/13.56 (MHz) 
3 X 100/70 (W) 

PRESSURE 

5 (mTorr) 

TEMPERATURE OF LOWER ELECTRODE 

-5(°C) 


50 

[0024] The results of etching are as shown in Table 2. After etching, the organic bottom anti-reflective coating 44 
exhibited vertical profiles, an excellent size-varying property, and high selectivity to the polysilicon film 43. In Table 2, 
"open" denotes a wiring pattern area in which a space forming a line-and-space pattern has a width of about 1 *im or 
more and "dense" denotes a wiring pattern area in which a space forming a line-and-space pattern has a width of about 
55 0.3 11m. The denotations of "open" and "dense" remain the same in the following description and tables showing the 
conditions for the etching process. 
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Table 2 


ETCHING PROPERTIES 

ARC ETCH RATE 

1600(A/min) 

UNIFORMITY 

±2.0 (%) 

SIZE VARIATION 

-0.02 urn (open) 
-0.05 um (dense) 

SELECTIVITY TO POLYSIUCON FILM 


ROUGHNESS OF POLYSILICON FILM 

PRESENT 

NUMBER OF GENERATED PARTICLES 

SMALL 


[0025] In a surface region of the silicon wafer 41 , especially the region where the resist pattern 45 has an aperture 
small in area (dense area), the polysiiicon film 43 underlying the organic bottom anti-reflective coating 44 is also etched, 
so that surface roughness is observed at the polysiiicon film 43. When etching performed with respect to the organic 
20 bottom anti-reflective coating 44 has thus caused surface roughness at the polysiiicon film 43, roughness remains on 
the polysiiicon film 43 formed into a pattern, which presents a serious problem to practical applications. 

(Problem Caused by Etching Using N^C^-Based Gas) 

25 [0026] The present inventors also performed dry etching with respect to the organic bottom anti-reflective coating by 
using N2/0 2 -based gas and encountered still another problem, which will be described below. A description will be 
given to a method of etching performed with respect to the organic bottom anti-reflective coating by using N^^-based 
gas. Although a dry-etching apparatus can be selected from various etching apparatus, the description will be given to 
the case where dry etching was performed by using a second etching apparatus shown in Figure 3. 

30 [0027] The second etching apparatus comprises a grounded chamber 31 having an inner wall covered with an insu- 
lator such as ceramic, alumina, or quartz. In the chamber 31 , an inductively coupled coil 32 is disposed in the upper 
part thereof, while a sample stage 33 is disposed on an earth electrode 34 in the lower part thereof. One end of the 
inductively coupled coil 32 receives high-frequency power of 13.56 MHz applied thereto from a first high-frequency 
power supply 35 via a matching circuit not shown. The sample stage 33 receives high-frequency power of 13.56 MHz 

35 applied thereto from a second hi^i-frequency power supply 36. The other end of the inductively coupled coil 32 is con- 
nected to the sidewall of the chamber 31 and thereby grounded. The chamber 31 is provided with a gas inlet for intro- 
ducing etching gas into the chamber 31 via a mass flow controller and with a turbo pump for adjusting pressure in the 
chamber 31 to about 0.1 to 10 Pa, though they are not shown in the drawings. 

[0028] A description will be given below to a method of dry etching performed with respect to the organic bottom anti- 
40 reflective coating by using the second etching apparatus with reference to Figures 4(a) and 4(b). 

[0029] First, as shown in Figure 4(a), a silicon oxide film 42 is thermally grown on a silicon wafer 41 , followed by a 
polysiiicon film 43 deposited as an underlying film on the thermally grown silicon oxide film 42. Thereafter, an organic 
bottom anti-reflective coating 44 with a film thickness of 150 nm and a resist film are deposited sequentially on the poly- 
siiicon film 43. Then, etching is performed with respect to the resist film to form a resist pattern 45 composed of the 
45 resist film. 

[0030] Next, as shown in Figure 4(b), dry etching is performed with respect to the organic bottom anti-reflective coat- 
ing 44 masked with the resist pattern 45. Conditions for the dry-etching process are as shown in Table 3. In Table 3, ICP 
(Inductively Coupled Plasma) denotes the frequency and power of high-frequency power for plasma generation sup- 
plied from the first high-frequency power supply 35. The denotation of ICP remains the same in the following description 
so and tables showing the conditions for the etching process. The results of etching are as shown in Table 4. After etching, 
the organic bottom anti-reflective coating 44 exhbrted vertical profiles, an excellent size-varying property, and high 
selectivity to the polysiiicon film 43, as can be understood from Table 4. 
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Table 3 


CONDITIONS FOR ETCHING PROCESS 

Ng/Og 

20/20 (seem) 
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Table 3 (continued) 


CONDITIONS FOR ETCHING PROCESS 

ICP/RF 

13.56 (MHz) 
300/70 (W) 

PRESSURE 

5 (mTorr) 

TEMPERATURE OF LOWER ELECTRODE 

10 (°C) 


Table 4 


ETCHING PROPERTIES 

ARC ETCH RATE 

1600(A/min) 

UNIFORMITY 

±2.0 (%) 

SIZE VARIATION 

-0.04 um (open) 
-0.06 jim (dense) 

SELECTIVITY TO POLYSILICON FILM 


FOREIGN RESIDUE 

PRESENT 


[0031] After dry etching, the silicon wafer 41 as a target substrate was visually inspected in the dark field under a 
microscope and a large number of (about 1 00 residues per 3 mm 2 ) were observed. Such foreign residues resulting from 
etching performed with respect to the organic bottom anti-reflective coating 44 present a serious problem to practical 
30 applications, since the foreign residues are transferred to the polysilicon film 43 while it is etched in the subsequent 
step. 

[0032] In view of the foregoing, it is therefore a first object of the present invention to pattern an organic bottom anti- 
reflective coating by dry etching such that the patterned organic bottom anti-reflective coating exhibits vertical profiles, 
an excellent size-varying property, and high selectivity to the underlying film, while no surface roughness is observed at 
35 the underlying film. A second object of the present invention is to pattern an organic bottom anti-reflective coating by 
dry etching such that the patterned organic bottom anti-reflective coating exhibits vertical profiles, an excellent size-var- 
ying property, and high selectivity to the underlying film, while no foreign residue is produced. 


DISCLOSURE OF THE INVENTION 

40 

(Means for Attaining First Object) 


[0033] As a result of tracking down the cause of surface roughness observed at the polysilicon film as the underlying 
film in a surface region of the silicon wafer where the aperture of the resist pattern occupies a small area, the present 

45 inventors have found the following fact Figure 21 is a plan view of the resist pattern overlying the region with surface 
roughness of the polysilicon film as the underlying film. As shown in Figure 21 , the three sides of the resist pattern hav- 
ing an L-shaped configuration define a narrow region where the spacing between the opposed sides is 0.3 um. In the 
narrow region, the polysilicon film as the underlying film is covered with the organic bottom anti-reflective coating before 
dry etching is performed with respect to the organic bottom anti-reflective coating by using Cl2/02-based etching gas. 

so Figure 21 shows a plan view at the stage at which the etching of the organic bottom anti-reflective coating is completed. 
[0034] When dry etching is performed by using O^/O^-based etching gas and the resist pattern as shown in Figure 
21 as a mask, the narrow region with a 0.3-jim width is surrounded by the resist pattern so that an O2 component of 
(V^-based gas reacts with C composing the resist film. Consequently, an excessive amount of Cl 2 component is con- 
tained in etching gas in the narrow region surrounded by the resist pattern. 

55 [0035] If consideration is given to debased gas, it etches not only the organic bottom anti-reflective coating but also 
the polysilicon f3m since d 2 -based gas is halogen-based gas. In the narrow region surrounded by the resist pattern, 
therefore, not only the organic bottom anti-reflective coating but also the polysilicon film as the underlying film is etched, 
resulting in surface roughness observed at the polysilicon film in the narrow region surrounded by the resist pattern. 
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[0036] It is to be noted that the foregoing problem also occurs when the underlying film is composed of a silicon-based 
film since the (VC^-based etching gas also etches a silicon-based underling film such as an amorphous silicon film, 
a polysilicon film, or a tungsten stlicide film besides th polysilicon fOm. 

[0037] The foregoing is first knowledge obtained by the present inventors from an experiment conducted by using 
5 CVC^-based etching gas. 

(Means for Attaining Second Object) 

[0038] As a result of analyzing foreign residues by ESCA (Electron Spectroscopy for Chemical Analysis), the present 

10 inventors have found that the foreign residues contain silicon as the main component. 

[0039] Then, the material of the organic bottom anti-reflective coating (CD9™ commercially available from Brewer Sci- 
ence Co., USA) in use was analyzed for an inorganic component by emission spectral analysis and a silicon compo- 
n nt on the order of 1 0 ppm was detected from the material of the organic bottom anti-reflective coating. 
[0040] If consideration is given to N 2 /O z -based gas, it is capable of etching the organic component of the organic bot- 

75 torn anti-reflective coating but incapable of etching the silicon-based component. If an impurity of silicon is contained in 
the organic bottom anti-reflective coating, silicon contained therein remains without being etched away and the remain- 
ing silicon may serve as a source of the foreign residues. 

[0041 ] The foregoing is second knowledge obtained by the present inventors from an experiment conducted by using 
N2/0 2 -based etching gas. 

20 [0042] A first pattern formation method according to the present invention has been achieved based on the foregoing 
first knowledge and comprises: a first step of depositing an organic bottom anti-reflective coating on an underlying fflm 
formed on a substrate; a second step of forming a resist pattern on the organic bottom anti-reflective coating; and a third 
step of performing dry etching with respect to the organic bottom anti-reflective coating masked with the resist pattern 
to form an anti-reflective coating pattern composed of the organic bottom anti-reflective coating, wherein the third step 

25 includes the step of performing dry etching by using etching gas containing gas having a S component to form the anti- 
reflective coating pattern. 

[0043] In accordance with the first pattern formation method, the S component contained in etching gas has a low 
probability of reacting with Si so that etching gas will not etch the underlying film containing Si such as the polysilicon 
film formed under the organic bottom anti-reflective coating nor cause local surface roughness at the underlying f flm. 

30 [0044] Moreover, since the S component contained in etching gas combines with C as the main component of each 
of the resist pattern and the organic bottom anti-reflective coating to form OS bonds, which are attached to the respec- 
tive pattern sidewalls of the resist pattern and the organic bottom anti-reflective coating and thereby protect the pattern 
sidewalk, the organic bottom anti-reflective coating has an excellent size-varying property after etching. 
[0045] In the first pattern formation method, the etching gas used in the third step is preferably SO^/Og-based gas. 

35 [0046] In the arrangement, the adjustment of the ratio of Oa to SO2 in etching gas facilitates control of the size-varying 
property of the organic bottom anti-reflective coating after etching. 
[0047] In this case, a ratio of O2 to SO2 in the SO^C^-based gas is preferably 1/2 or more. 
[0048] The arrangement prevents the organic bottom anti-reflective coating from being larger in size than the resist 
pattern after etching. 

40 [0049] In the first pattern formation method, the third step preferably includes the step of performing dry etching with 
the substrate held at a temperature of 15 °C or lower to form the anti-reflective coating pattern. 
[0050] The arrangement improves the size-varying property of the organic bottom anti-reflective coating after etching. 
[0051 ] In the first pattern formation method, the etching gas used in the third step preferably contains carbonyl sulfide 
(COS). 

45 [0052] The arrangement facilitates the handling of COS since COS is less likely to liquidity than S0 2 . 

[0053] A second pattern formation method according to the present invention has been achieved based on the fore- 
going first knowledge and comprises: a first step of depositing an organic bottom anti-reflective coating on an underly- 
ing film formed on a substrate; a second step of forming a resist pattern on the organic bottom anti-reflective coating; 
and a third step of performing dry etching with respect to the organic bottom anti-reflective coating masked with the 

50 resist pattern to form an anti-reflective coating pattern composed of the organic bottom anti-reflective coating, wherein 
the third step includes: a pattern forming step of performing dry etching by using etching gas containing gas having a 
S component to form the anti-reflective coating pattern; and a S-component removing step of removing the S compo- 
nent remaining on the substrate. 

[0054] In accordance with the second pattern formation method, the S component contained in etching gas has a lew 
55 probability of reacting with Si, similarly to the first pattern formation method, so that etching gas will not etch the under- 
lying flm containing Si such as the polysilicon film formed under the organic bottom anti-reflective coating nor cause 
local surface roughness at the underlying f flm. 

[0055] Moreover, since the S component contained in etching gas combines with C as the main component of each 
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of th resist pattern and the organic bottom anti-reflective coating to form OS bonds, which are attached to the respec- 
tive pattern sidewalls of the resist pattern and the organic bottom anti-reflective coating and thereby protect the pattern 
^sidewalk, the organic bottom anti-reflective coating exhibits an excellent size-varying property after etching. 
[0056] Furthermore, since the S component generated from etching gas containing gas having the S component is 
5 removed, the S component remaining on the substrate is prevented from reacting with moisture contained in the atmos- 
phere to form residues and causing a defective pattern configuration of the underlying film. 

[0057] In the second pattern formation method, the S-component removing step preferably includes the step of per- 
forming plasma processing by using a plasma composed of gas containing no S component to remove the S compo- 
nent 

w [0058] In the arrangement, plasma processing ensures the removal of the S component. 

[0059] The plasma processing is preferably performed by an anode coupling system or by a system whereby no bias 
voltage is applied to an electrode holding the substrate. 

[0060] In the arrangement an excessive amount of 1ST ion component no more stagnates in the upper portion of the 
resist pattern so that pattern collapse resulting from the N + ion component sputtering the upper portion of the resist pat- 
15 tern is prevented. 

[0061] The plasma processing more preferably includes the step of setting a condition for plasma processing com- 
posed of at least one of gas pressure, a gas flow rate, temperature, high-frequency output and a processing time in 
accordance with the degree of ruggedness of a surface of the underlying film and with the type of the underlying film. 
This ensures the removal of the S component remaining on the substrate. 
20 [0062] In the second pattern formation method, the S-component removing step preferably includes the step of heat- 
ing the substrate to remove the S component. 

[0063] The arrangement allows the evaporation of the residues containing the S component remaining on the sub- 
strate and thereby ensures the removal of the S component remaining on the substrate. 

[0064] In the second pattern formation method, the S-component removing step preferably includes the step of wash- 
as ing the substrate to remove the S component. 

[0065] The arrangement facilitates and ensures the removal of the S component remaining on the substrate. 
[0066] In the second pattern formation method, the S-component removing step preferably includes the step of neu- 
tralizing an acidic deposit on the substrate with an alkaline solution and washing the substrate to remove the S compo- 
nent 

30 [0067] The arrangement neutralizes and dissolves the deposit containing the S component remaining on the sub- 
strate such that the deposit is washed away positively. 

[0068] A third pattern formation method according to the present invention has been achieved based on the foregoing 
second knowledge and comprises: a first step of depositing an organic bottom anti-reflective coating on an underlying 
film formed on a substrate; a second step of forming a resist pattern on the organic bottom anti-reflective coating; and 

35 a third step of performing dry etching with respect to the organic bottom anti-reflective coating masked with the resist 
pattern to form an anti-reflective coating pattern composed of the organic bottom anti-reflective coating, wherein the 
third step includes the step of performing dry etching with respect to the organic bottom anti-reflective coating by using 
etching gas containing at least one of halogen-based gas and f luorocarbon-based gas to form the anti-reflective coating 
pattern when silicon is contained in the organic bottom anti-reflective coating. 

40 [0069] In accordance with the third pattern formation method, etching gas containing at least one of halogen-based 
gas and f luorocarbon-based gas is capable of etching the organic component of the organic bottom anti-reflective coat- 
ing as well as an impurity such as silicon contained in the organic bottom anti-reflective coating. What results is an 
organic bottom anti-reflective coating formed into a pattern having vertical profiles. Since an impurity such as unreacted 
silicon no more remains on the substrate, foreign residues composed of an impurity such as silicon are prevented from 

45 being formed on the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0070] 

50 

Figures 1(a) to 1(e) are cross-sectional views illustrating individual process steps in a pattern formation method 
according to each of the embodiments of the present invention and prior art; 

Figure 2 is a schematic view of a first etching apparatus used by the pattern formation method according to each 
of the embodiments of the present invention and prior art; 
55 Figure 3 is a schematic view of a second etching apparatus used by the pattern formation method according to 
each of the embodiments of the present invention and prior art; 

Figures 4(a) and 4(b) are cross-sectional views for specifically illustrating individual process steps in the pattern for- 
mation method according to each of the embodiments of the present invention and prior art; 
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Figure 5 shows the relations among the amount of 0 2 gas contained in etching gas, an etching rate for an organic 
bottom anti-reflective coating, and the uniformity of f flm thickness in a pattern formation method according to a third 
embodiment of the present invention; 

Figure 6 shows the relation between the amount of 0 2 gas contained in etching gas and respective size variations 
5 in open and dense pattern areas in the pattern formation method according to the third embodiment of the present 
invention; 

Figure 7 shows the relation between the temperature of a lower electrode and respective size variations in open 
and dense pattern areas in a pattern formation method according to a fourth embodiment of the present invention; 
Figure 8 shows the relation between the grain size of a polysilicon film and the number of particles when a plasma 
10 processing time and the grain size are varied in a pattern formation method according to a sixth embodiment of the 
present invention; 

Figure 9 shows the relation between the grain size of the polysilicon film and the number of particles when gas 
pressure during plasma processing and the grain size are varied in the pattern formation method according to the 
sixth embodiment of the present invention; 
is Figure 1 0 shows the relation between the grain size of the polysilicon film and the number of particles when a gas 
flow rate during plasma processing and the grain size are varied in the pattern formation method according to the 
sixth embodiment of the present invention; 

Figure 1 1 shows the relation between the grain size of the polysilicon film and the number of particles when a tem- 
perature during plasma processing and the grain size are varied in the pattern formation method according to the 
20 sixth embodiment of the present invention; 

Figure 12 shows the relation between the grain size of the polysilicon film and the number of particles when LEP 
power during plasma processing and the grain size are varied in the pattern formation method according to the 
sixth embodiment of the present invention; 

Figure 13 shows the relation between the grain size of the polysilicon film and the number of particles when RE 
25 power during plasma processing and the grain size are varied in the pattern formation method according to the 
sixth embodiment of the present invention; 

Figure 14 shows the relation between a plasma processing time and the number of particles when the plasma 
processing time is varied and different types of underlying films are used in the pattern formation method according 
to the sixth embodiment of the present invention; 
30 Figure 1 5 shows the relation between a heating temperature in a hot plate oven and the number of particles when 
the heating temperature is varied in a pattern formation method according to a seventh embodiment of the present 
invention; 

Figure 16 shows the relation between a heating time in the hot plate oven and the number of particles when the 
heating time is varied in the pattern formation method according to the seventh embodiment of the present inven- 
35 tion; 

Figure 17 shows the relation between a heating temperature in the hot plate oven and the intensity of a S0 2 com- 
ponent detected by TDS when the heating temperature is varied in a pattern formation method according to the 
seventh embodiment of the present invention; 

Figure 1 8 shows the relation between the temperature of washing water and the number of particles when the tem- 
40 perature of washing water is varied in a pattern formation method according to an eighth embodiment of the 
present invention; 

Figure 19 shows the relation between a washing time and the number of particles when the washing time is varied 
in the pattern formation method according to the eighth embodiment of the present invention; 
Figure 20 shows the relation between a neutralization time and the number of particles when the neutralization time 
45 is varied in a pattern formation method according to a ninth embodiment of the present invention; 

Figure 21 is a plan view of a resist pattern causing surface roughness at an underlying film in a conventional pattern 
formation method; and 

Figure 22 is a cross-sectional view showing the condition of an upper portion of a resist pattern after dry etching in 
a pattern formation method according to a twelfth embodiment of the present invention. 

50 

Best Modes for Implementing the Invention 

[0071] Prior to the description of pattern formation methods according to the individual embodiments of the present 
invention, a description will be given to a pattern formation process commonly used in each of the embodiments with 
55 reference to Figures 1 (a) to 1 (e). 

[0072] First, as shown in Figure 1(a), an organic bottom anti-reflective coating 12 is deposited on an underlying film 
1 1 composed of a polysilicon film to have a flat surface. Then, as shown in Figure 1 (b), a resist film 13 composed of a 
positive resist is deposited on the organic bottom anti-reflective coating 1 2. 
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[0073] Next, as shewn in Figure 1 (c), selective exposur of the resist film 1 3 is performed by using a mask 1 4. Sub- 
sequently, developing treatment is performed with respect to the exposed resist film 1 3 to remove the exposed portion 
thereof, thereby forming a resist pattern 15 shown in Figure 15(d). 

[0074] Next, as shown in Figure 1 (e), dry etching is performed with respect to the organic bottom anti-reflective coat- 
s ing 12 masked with the resist pattern 15, thereby removing the portion of the organic bottom anti-reflective coating 12 
uncovered with the resist pattern 15. 

EMBODIMENT 1 

10 [0075] A first embodiment has been achieved based on the foregoing first knowledge. Specifically, the first embodi- 
ment performs dry etching with respect to the organic bottom anti-reflective coating by using SCV^Vbased etching 
gas. 

[0076] Although an apparatus for performing dry etching does not present a particular problem, the first dry etching 
apparatus shown in Figure 2 was used for comparison. A film having the structure shown in Figure 4 was used as a 
is target fOm. 

[0077] Conditions for the etching process according to the first embodiment are as shown in Table 5 and etching prop- 
erties are as shown in Table 6. As will be understood from Table 6, the organic bottom anti-reflective coating exhibited 
vertical profiles, though there were slight variations in the size of the organic bottom anti-reflective coating. Moreover, 
surface roughness caused conventionally by dry etching using Q^C^-based gas was no more observed at the polysil- 
20 icon film 43 as the underlying film. 


Table 5 


CONDITIONS FOR ETCHING PROCESS 

SO2/O2 

32/8 (seem) 

LEP/RF 

54.24/13.56 (MHz) 
3 X 100/70 (W) 

PRESSURE 

5 (mTorr) 

TEMPERATURE OF LOWER ELECTRODE 

20 (°C) 


Table 6 


ETCHING PROPERTIES 

ARC ETCH RATE 

2000 (A/min) 

UNIFORMITY 

±3.5 (%) 

SIZE VARIATION 

40.05 inn (open) 
+0.06 jim (dense) 

SELECTIVITY TO POLYSILICON FILM 


ROUGHNESS OF POLYSILICON FILM 

NONE 

NUMBER OF GENERATED PARTICLES 

LARGE 


50 

[0078] The vertical profiles exhibited by the organic bottom anti-reflective coating 44 may be attributed to the combi- 
nation of a S component contained in the etching gas with C, which is the main component of each of the resist pattern 
45 and the organic bottom anti-reflective coating 44. The resulting OS bonds are attached to the respective sidewalls 
of the resist pattern 45 and the organic bottom anti-reflective coating 44 formed into the pattern, thereby protecting the 
55 sidewalls of the patterns. 

[0079] No surface roughness observed at th potysilicon fflm 43 may be attributed to a low probability of S reacting 
with Si. Even when the underlying film for the organic bottom anti-reflective coating 44 is composed of the polysilicon 
film 43, therefore, the S component will neither etch the polysilicon film 43 nor cause surface roughness at the polysili- 
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con film 43. 
EMBODIMENT 2 

s [0080] A second embodiment has been achieved based on the foregoing first knowledge. Specifically, the second 
embodiment performs dry etching with respect to the organic anti-reflective coating by using etching gas composed of 
a gas mixture of carbonyl sulfide (COS) and oxygen (O2). Since the boiling point of COS is -50.2 °C, COS liquidfies 
more readily than S0 2 (with a boiling point of -10.06 °C) and hence is easier to handle. 

[0081 ] Although an apparatus for performing dry etching does not present a particular problem, the first dry etching 
10 apparatus shown in Figure 2 was used for comparison. A film having the structure shown in Figure 4 was used as a 
target film. 

[0082] Conditions for the etching process according to the second embodiment are as shown in Table 7 and etching 
properties are as shown in Table 8. 

15 

Table 7 


CONDITIONS FOR ETCHING PROCESS 

COS/O2 

20720 (seem) 

LEP/RF 

54.24/13.56 (MHz) 
3 X 100/70 (W) 

PRESSURE 

5 (mTorr) 

TEMPERATURE OF LOWER ELECTRODE 

20 (°C) 


ETCHING PROPERTIES 

ARC ETCH RATE 

1800 (A/min) 

UNIFORMITY 

±3.0 (%) 

SIZE VARIATION 

-0.01 jim (open) 
-0.03 jim (dense) 

SELECTIVITY TO POLYSILICON FILM 


ROUGHNESS OF POLYSILICON FILM 

NONE 


[0083] As shown in Table 8, variations in the size of the organic bottom anti-reflective coating (Open Area: -0.01 pm, 
Dense Area: -0.03 pm) in the case of using COS/0 2 -based gas are smaller than size variations (Open Area: -0.02 urn, 
45 Dense Area: -0.05 urn) in the case of using Clg^-based gas shown in Table 2 and than size variations (Open Area: 
+O.05 fim, Dense Area: +0.06 nm) in the case of using SC^A^-based gas shown in Table 6 according to the first 
embodiment. 

[0084] When dry etching was performed by using COSA^-based etching gas, the organic bottom anti-reflective coat- 
ing 44 exhibited vertical profiles after etching, while surface roughness previously observed after etching performed by 

so using Cl2/0 2 -based gas was no more observed at the pofysilicon f Dm as the underlying film. 

[0085] This may be because C and S contained in COS readily form C-S bonds, C-C bonds, or the like between COS 
and the resist pattern 45 and between COS and the organic bottom anti-reflective coating 44. The resulting bonds are 
attached as a deposit to the respective sidewalls of the resist pattern 45 and the organic bottom anti-reflective coating 
44, thereby protecting the respective sidewalls of the resist pattern 45 and the organic bottom anti-reflective coating 44. 

55 [0086] On the other hand, no surface roughness observed at the polysilicon film 43 may be attributed to a low prob- 
ability of S reacting with Si. Even when the film und rfying the organic bottom anti-reflective coating 44 is composed of 
the polysilicon film 43, therefore, S will neither etch the polysilicon film 43 nor cause surface roughness at the polysilicon 
film 43. 
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EMBODIMENT 3 

[0087] The first embodiment performing dry etching with respect to the organic bottom anti-reflective coating 44 by 
using SCVtVbased etching gas was disadvantageous in that slight variations were produced in the size of the organic 

s bottom anti-reflective coating 44 and a large number of particles wer generated, though no surface roughness was 
observed at the polysilicon f flm 43. Specifically, the organic bottom anti-reflective coating 44 after etching was larger in 
size than the resist pattern 45 and the number of generated particles was large, as shown in Table 6. If the organic bot- 
tom anti-reflective coating 44 after etching is larger in size than the resist pattern 45, etching performed in the subse- 
quent step with respect the polysilicon film 43 by using the resist pattern 45 causes size variations in the patterned 

w polysilicon f Dm 43. 

[0088] To overcome the disadvantage, the third embedment has achieved the effects of preventing size variations in 
the organic bottom anti-reflective coating 44 and reducing the number of particles in addition to the effects achieved by 
the first embodiment Specifically, the third embodiment controls the ratio of Qg to S0 2 gas in SCVCVbased etching 
gas. 

is [0089] In the third embodiment also, the first dry-etching apparatus shown in Figure 2 was used and a film having the 
structure shown in Figure 4 was used as a target film. 

[0090] Conditions for the etching process according to the third embodiment are as shown in Table 9. 


Table 9 


CONDITIONS FOR ETCHING PROCESS 

SO2/O2 

20/X(sccm) 

LEP/RF 

54.24/13.56 (MHz) 
3 X 100/70 (W) 

PRESSURE 

5 (mTorr) 

TEMPERATURE OF LOWER ELECTRODE 

-10 (°C) 


30 

[0091 ] In Table 9. X denotes the amount of O2 gas contained in SO^C^-based etching gas. A specific value of X will 
be described later. 

[0092] Etching properties are as shown in Table 10. After etching, the organic bottom anti-reflective coating 44 had 
vertical profiles, an excellent size-varying property, and high selectivity to the polysilicon film 43. Since S radicals were 
35 adsorbed, reactivity of Si with S was significantly lower than reactivity of Si with Q. so that no surface roughness was 
observed at the polysilicon film 43. Accordingly, the patterned polysilicon film 43 exhibited no surface roughness and 
presented no problem to practical applications. In the case where the flow rate of 0 2 gas was 5 seem and the lowest, 
no particle was generated. 

40 

Table 10 


ETCHING PROPERTIES 

ARC ETCH RATE 

1500 TO 2500 (A/min) 

UNIFORMITY 

±4.0 (%) 

SIZE VARIATION 

-0.02 TO +0.01 \im (open) 
-0.03 TO +0.01 um (dense) 

SELECTIVITY TO POLYSILICON FILM 


ROUGHNESS OF POLYSILICON FILM 

NONE 

NUMBER OF GENERATED PARTICLES 

SMALL 


55 [0093] Figure 5 shows an etching rate for the organic bottom anti-reflective coating 44 and the uniformity of film thick- 
ness when various values were adopted as the amount X of O2 gas in SOa^-based etching gas. Figure 6 shows 
respective size variations in the open and dense pattern areas when various values were adopted as the amount X of 
0 2 gas in SOg^-based etching gas. As is apparent from Figure 6, when the flow rate of O2 gas was 1 0 seem or higher, 
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the organic bottom anti-reflective coating 44 after etching was never larger in size than the resist pattern 45. Since the 
problem of size variations does not occur provided that the flow rate of 0 2 gas is 10 seem or higher, i.e., the ratio of 0 2 
gas to SO2 is 1/2 or more, the subsequent dry-etching processing using the resist pattern 45 can therefore be per- 
formed with precision. 

s [0094] The reason for positive size variations when the flew rate of 0 2 gas is low (when the ratio of O2 gas to S0 2 gas 
is low) in Figure 6 may be that, after etching, a large number of S-C bonds ar attached to the sidewalls of the organic 
bottom anti-reflective coating 44 due to vigorous reactions between S and C resulting from an increase in the ratio of 
the S component. On the other hand, the reason for negative size variations when the flow rate of 0 2 gas is high (when 
the ratio of 0 2 gas to S0 2 gas is high) in Figure 6 may be that, after etching, S-C bonds are barely attached to the side- 

10 walls of the organic bottom anti-reflective coating 44 due to stagnant reactions between S and C resulting from a reduc- 
tion in the ratio of the S component 

EMBODIMENT 4 

is [0095] According to the third embodiment an excellent size-varying property and high selectivity to the polysilicon 
film 43 were achieved. In addition, no surface roughness was observed at the polysilicon film 43 and no particle was 
generated. A fourth embodiment controls the temperature of the sample stage 25 as the lower electrode for holding a 
substrate so as to further improve the size-varying property. Specifically, the temperature of the sample stage 25 as the 
lower electrode is controlled under the conditions shown in the third embodiment, i.e., with 0 2 gas in such a ratio that 

20 the organic bottom anti-reflective coating 44 after etching is never larger in size than the resist pattern 45. 

[0096] In the fourth embodiment also, the first dry-etching apparatus shown in Figure 2 was used and a film having 
the structure shown in Figure 4 was used as a target film. 

[0097] Conditions for the etching process according to the fourth embodiment are as shown in Table 1 1 . A specific 
value of X, which denotes the temperature of the lower electrode, will be described later. 
25 [0098] Etching properties are as shown in Table 12. After etching, the organic bottom anti-reflective coating 44 had 
vertical profiles and higji selectivity to the polysilicon film 43. In addition, no surface roughness was observed at the 
polysilicon film 43 and the size-varying property was further improved. 


Table 11 


CONDITIONS FOR ETCHING PROCESS 

so 2 /o 2 

20/20 (seem) 

LEP/RF 

54.24/13.56 (MHz) 
3 X 100/70 (W) 

PRESSURE 

5 (mTorr) 

TEMPERATURE OF LOWER ELECTRODE 

X(°C) 


40 


Table 12 


ETCHING PROPERTIES 

ARC ETCH RATE 

1800 TO 2000 (A/min) 

UNIFORMITY 

4.0 (%) or less 

SIZE VARIATION 

-0.03 TO 0.00 urn (open) 
-0.03 TO 0.00 urn (dense) 

SELECTIVITY TO POLYSILICON FILM 


ROUGHNESS OF POLYSILICON FILM 

NONE 

NUMBER OF GENERATED PARTICLES 

SMALL 


[0099] Figure 7 shows respective size variations in the open and dense areas when various values were adopted as 
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the temperature X of the lower electrode. 

[01 00] As is apparent from Figure 7, size variations tend to shift to the negative value range as the temperature X of 
the lower electrode increases. When the temperature X of the lower electrode is +65°C. in particular, size variations are 
on the order of -0.03 pxr\. This may b becaus , when the temperature X of the lower electrode is increased, Casth 

5 main component of each of the resist patt rn 45 and the organic bottom anti-reflective coating 44 reacts with Sasth 
etchant to form CSa gas, which is easy to discharge, and a deposit component in the form of a polymer having C-S 
bonds is reduced accordingly so that the deposit component in the form of a polymer having C-S bonds is less likely to 
be attached to the respective sidewalls of the resist pattern 45 and the organic bottom anti-reflective coating 44. In 
terms of preventing size variations from shifting to the negative value range, therefore, the temperature X of the lower 

10 electrode is preferably lower. 

[01 01 ] As is apparent from Figure 7, size variations tend to increase when the temperature X of the lower electrode 
exceeds 15 °C. Therefore, the temperature X of the lower electrode is preferably 15 °C or lower. 

[0102] Since each of the first to fourth embodiments has performe^dry etching by using etching gas containing gas 
having the S component such as S0 2 /0 2 or COS/0 2 , S-based or S0 2 -based residues are present on thereon wafer 
41 . When etching is performed with respect to the polysilicon film 43 by using the resist pattern 45 as a mask in the 
subsequent step, the S component present on the polysilicon film 43, the resist pattern 45, and the organic bottom anti- 
re? reflective coating 44 may react with moisture contained in the atmosphere to form residues, resulting in a defective pat- 
tern configuration of the polysilicon fflm 43. 

[01 03] To prevent this, a fifth embodiment performs dry etching by using etching gas containing gas having the S com- 
ponent and then plasma processing by using gas containing no S component such as N2 gas to remove the S compo- 
nent remaining on the silicon wafer 41 . 
25 [01 04] In the fifth embodiment also, the first dry-etching apparatus shown in Figure 2 was used and a film having the 
structure shown in Figure 4 was used as a target film. 

[01 05] Conditions for the etching process according to the fifth embodiment are as shown in Table 1 3. Table 1 4 shows 
the results of quantitative analysis of S remaining after etching which was performed by ion chromatography. 



Table 13 


CONDITIONS FOR ETCHING PROCESS 


(1)STEP OF ARC 
ETCHING USING SOg 
GAS 

(2) STEP OF REMOVING 

S COMPONENT BY 
USING PLASMA OF N 2 
GAS 

GAS 

SO2/O2 

= 20/20 (seem) 

N 2 

= 100 (seem) 

UEF/RF 

54.24/13.56 (MHz) 
3 X 100/70 (W) 

54.24/13.56 (MHz) 
3 X 100 X 70 (W) 

PRESSURE 

5 (mTorr) 

50 (mTorr) 

TEMPERATURE OF LOWER ELECTRODE 

-10 (°C) 

-10 (°C) 

SETTING OF ETCHING TIME 

60% OVER 

15 SECONDS 


50 


Table 14 


COMBINATION OF 
STEPS 

DETERMINATION OF S 
BY ION CHROMATOG- 
RAPHY 

STEP (1) ONLY 

200 ug/8-inch wafer 
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Table 14 (continued) 


COMBINATION OF 
STEPS 

DETERMINATION OFS 
BY ION CHROMATOG- 
RAPHY 

STEP (1) + STEP (2) 

40 jig/8-inch wafer 


[0106] As will be understood from Table 14, the result of quantitative analysis of S carried out by ion chromatography 
was 200 jig/8-inch substrate in the case of performing only the step of dry etching performed with respective to the 
organic bottom anti-reflective coating 44 by using S0 2 gas. By contrast the result of quantitative analysis of S carried 
out by ion chromatography was 40 ug/8-inch substrate in the case of performing dry etching with respect to the organic 
bottom anti-reflective coating 44 by using S0 2 gas and then plasma processing by using N2 gas. which incficates a sig- 
nificant reduction in the amount of S compared with the case involving no plasma processing. 
[0107] It will therefore be understood that the S component remaining on the silicon wafer 41 can be reduced signif- 
icantly by performing dry etching with respect to the organic bottom anti-reflective coating 44 by using S0 2 gas and then 
plasma processing by using ISfe gas. 

[0108] Although the fifth embodiment has performed plasma processing by using N2 gas, similar effects can also be 
achieved by performing plasma processing using gas containing no S component such as O2 gas, Ar gas, or He gas 
instead. 

EMBODIMENT 6 

[0109] In the case of performing dry etching by using etching gas containing gas having the S component and then 
plasma processing by using a plasma composed of gas containing no S component such as N2 gas, a sixth embodi- 
ment controls a plasma processing time, gas pressure, a gas flow rate, a processing temperature, and a high-frequency 
output in accordance with the degree of ruggedness of the underlying film such as the polysilicon f 3m 43 and the type 
of the underlying film. Although an apparatus for performing dry etching does not present a particular problem, the first 
dry etching apparatus shown in Figure 2 was used for comparison. A film having the structure shown in Figure 4 was 
used as a target f 1m. 

[0110] Conditions for the etching process according to the sixth embodiment performed with respect to the organic 
bottom anti-reflective coating 44 by using SO2 gas are as shown in Table 1 5 and conditions for plasma processing per- 
formed by using the plasma composed of N2 gas are as shewn in Table 16. 


Table 15 


CONDITIONS FOR ETCHING PROCESS 

SOaADa 

32/8 (seem) 

LEP/RF 

54.24/13.56 (MHz) 
3 X 100/70 (W) 

PRESSURE 

5 (mTorr) 

TEMPERATURE OF LOWER ELECTRODE 

20 (°C) 

Table 16 

CONDITIONS FOR PLASMA PROCESSING 

N2 

100 (seem) 

LEP/RF 
PRESSURE 

54.24/13.56 (MHz) 
3 X 100/70 (W) 
5 (mTorr) 

TEMPERATURE OF LOWER ELECTRODE 

20 (°C) 
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[01 11 ] As shown in Figure 4(b), the organic bottom anti-reflective coating 44 shown in Figure 4(a) is subjected to dry 
etching performed by using SO2 gas, which is equivalent to 60% of the entire amount of etching. Then, the polysilicon 
film 43 is subjected to plasma processing performed by using a plasma composed of N 2 gas. 
[01 1 2] Figure 8 shows the relation between the grain size of the polysilicon film 43 and the number of particles on the 
5 polysilicon film 43 when the tim required for plasma processing performed by using the plasma composed of gas 
and the grain size are varied. The number of particles is counted based on optical reflection obtained when the top sur- 
face of the polysilicon film 43 is irradiated with laser light, which is expressed as number/8-inch wafer. 
[01 13] As will be understood from Figure 8, the number of particles on the polysilicon film 43 is reduced as the grain 
size of the polysilicon film 43 is reduced from 0.5 urn to 0.05 urn. This may be because grains of larger size and an inter- 
jo face therebetween are more rugged, which may be attributed to an increased quantity of S-based residues. The 
number of particles on the polysilicon film 43 can also be reduced by increasing the time required for plasma processing 
performed by using the plasma composed of Nfe gas from 30 seconds to 90 seconds. In short, the S-based residues on 
the polysilicon f Dm 43 and on the resist pattern 45 can be reduced by increasing the time required for plasma process- 
ing performed by using the plasma composed of N2 gas based on the grain size of the polysilicon film 43, which in turn 
is reduces the number of particles. 

[0114] Figure 9 shows the relation between the grain size of the polysilicon film 43 and the number of particles on the 
polysilicon fflm 43 when the pressure of gas and the grain size are varied. The number of particles is counted based on 
optical reflection obtained when the top surface of the polysilicon film 43 is irradiated with laser light which is expressed 
as number/8-inch wafer. 

20 [01 1 5] As will be understood from Figure 9, the number of particles on the polysilicon film 43 is reduced as the grain 
size of the polysilicon film 43 is reduced from 0.5 um to 0.05 um. The number of particles on the polysilicon film 43 can 
also be reduced by increasing the pressure of N2 gas during plasma processing from 10 mTorr to 100 mTorr. In short, 
the S-based residues on the polysilicon film 43 and on the resist pattern 45 can be reduced by increasing the pressure 
of N 2 gas during plasma processing in accordance with the grain size of the polysilicon film 43 and with the ruggedness 
25 of the surface of the polysilicon film 43, which in turn reduces the number of particles. 

[0116] Figure 10 shows the relation between the grain size of the polysilicon film 43 and the number of particles on 
the polysilicon film 43 when the flow rate of N2 gas and the grain size are varied. The number of particles is counted 
based on optical reflection obtained when the top surface of the polysilicon fflm 43 is irradiated with laser light, which is 
expressed as number/8-inch wafer. 
30 [01 1 7] As will be understood from Figure 1 0, the number of particles on the polysilicon film 43 is reduced as the grain 
size of the polysilicon film 43 is reduced from 0.5 um to 0.05 um. The number of particles on the polysilicon film 43 can 
also be reduced by increasing the flow rate of gas during plasma processing composed of N^gas from 20 seem to 80 
seem. In short the S-based residues on the polysilicon f Dm 43 and on the resist pattern 45 can be reduced by increas- 
ing the flow rate of fsfe gas during plasma processing in accordance with the grain size of the polysilicon film 43 and with 
35 the ruggedness of the surface of the polysilicon film 43, which in turn reduces the number of particles. 

[01 18] Figure 1 1 shows the relation between the grain size of the polysilicon film 43 and the number of particles on 
the polysilicon film 43 when the temperature of the silicon wafer 41 and the grain size are varied during plasma process- 
ing performed by using the plasma composed of N 2 gas. The number of particles is counted based on optical reflection 
obtained when the top surface of the polysilicon film 43 is irradiated with laser light, which is expressed as number/8- 
40 inch wafer. 

[01 19] As will be understood from Figure 1 1 . the number of particles on the polysilicon film 43 is reduced as the grain 
size of the polysilicon film 43 is reduced from 0.5 um to 0.05 um. The number of particles on the polysilicon film 43 can 
also be reduced by increasing the temperature of the silicon wafer 41 from -10 °C to 50 °C during plasma processing 
performed by using the plasma composed of N2 gas. In short, the S-based residues on the polysilicon film 43 and on 

45 the resist pattern 45 can be reduced by increasing the temperature of the silicon wafer 41 during plasma processing 
performed by using the plasma composed of N2 gas in accordance with the gain size of the polysilicon film 43 and with 
the ruggedness of the surface of the polysilicon film 43, which in turn reduces the number of particles. 
[0120] Figure 12 shows the relation between the grain size of the polysilicon film 43 and the number of particles on 
the polysilicon film 43 when LEP power and the grain size are varied (bring plasma processing performed by using the 

so plasma composed of N2 gas. The number of particles is counted based on optical reflection obtained when the top sur- 
face of the polysilicon film 43 is irradiated with laser light, which is expressed as number/8-inch wafer. 
[01 21 ] As will be understood from Figure 1 2, the number of particles on the polysilicon film 43 is reduced as the grain 
size of the polysilicon film 43 is reduced from 0.5 um to 0.05 um. The number of particles on the polysilicon film 43 can 
also be reduced by increasing LEP power from 50 W to 150 W during plasma processing performed by using the 

55 plasma composed of N2 gas. In short, the S-based residues on the polysilicon film 43 and on the resist pattern 45 can 
be reduced by increasing LEP power during plasma processing performed by using the plasma composed of N2 gas in 
accordance with the grain size of the polysilicon film 43 and with the ruggedness of the surface of the polysilicon film 
43, which in turn reduces th number of particles. 
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[0122] Figure 13 shows the relation between the grain size of the polysilicon film 43 and the number of particles on 
the polysilicon film 43 when RF power and the grain size are varied during plasma processing p rformed by using the 
plasma composed of N 2 gas. The number of particles is counted based on optical reflection obtained when the top sur- 
face of the polysilicon film 43 is irradiated with laser light which is expressed as number/8-inch wafer. 
[01 23] As will be understood from Figure 1 3, the number of particles on the polysilicon film 43 is reduced as the grain 
size of the polysilicon film 43 is reduced from 0.5 urn to 0.05 jim. The number of particles on the polysilicon film 43 can 
also be reduced by increasing RF power from 50 W to 1 50 W during plasma processing performed by using the plasma 
composed of N2 gas. In short the S-based residues on the polysilicon film 43 and on the resist pattern 45 can be 
reduced by increasing RF power during plasma processing performed by using the plasma composed of N2 gas in 
accordance with the grain size of the polysilicon film 43 and with the ruggedness of the surface of the polysilicon f flm 
43, which in turn reduces the number of particles. 

[0124] Figure 14 shows the relation between a plasma processing time and the number of particles on the polysilicon 
film 43 when plasma processing is performed by using the plasma composed of N 2 gas and different types of underly- 
ing films, while varying the processing time. The number of particles is counted based on optical reflection obtained 
when the top surface of the polysilicon film 43 is irradiated with laser light which is expressed as number/B-inch wafer. 
[0125] As will be understood from Figure 14, the number of particles after plasma processing performed by using the 
plasma composed of Isfe gas is varied with different types of underlying films which are an amorphous silicon fflm, a 
polysilicon film, a WSi film, and a TEOS film. The number of particles on the underlying film can also be reduced by 
increasing the plasma processing time from 0 to 90 seconds. In short, the number of particles can be reduced by var- 
ying the plasma processing time depending on the type of the underlying film in use. 

[0126] Although the plasma processing time has been used as an example in describing the effect of varying condi- 
tions for plasma processing performed by using the plasma composed of Isfe gas depend ng on the type of the underly- 
ing film in use, it will be appreciated that similar effects can be achieved by varying gas pressure, a gas flow rate, LEP 
power, RF power, the temperature of the silicon wafer 41 , or the like during plasma processing. 

EMBODIMENT 7 

[01 27] A seventh embodiment performs dry etching with respect to the organic bottom anti-reflective coating by using 
S0 2 -based etching gas and heats the silicon wafer 41 to evaporate and remove the S component present on the poly- 
silicon film 43, the resist pattern 45, and the organic bottom anti-reflective coating 44. 

[0128] Although an apparatus for performing dry etching does not present a particular problem, the first dry etching 
apparatus shown in Figure 2 was used for comparison. A film having the structure shown in Figure 4 was used as a 
target f im. 

[01 29] Conditions for the etching process according to the seventh embodiment performed with respect to the organic 
bottom anti-reflective coating 44 by using SO2 gas are as shown in Table 17. 


Table 17 


CONDITIONS FOR ETCHING PROCESS 

SOa/C^ 

32/8 (seem) 

LEP/RF 

54.24/13.56 (MHz) 
3X 100/70 (W) 

PRESSURE 

5 (mTorr) 

TEMPERATURE OF LOWER ELECTRODE 

20 (°C) 


[0130] After dry etching is performed with respect to the organic bottom anti-reflective coating 44 by using SO2 gas, 
the silicon wafer 41 is placed and heated in a hot plate oven for 1 minute. 

[01 31 ] Figure 1 5 shows the relation between a heating temperature in the hot plate oven and the number of particles 
on the polysilicon fflm 43 when the heating temperature is varied. The number of particles is counted based on optical 
reflection obtained when the top surface of the polysilicon film 43 is irradiated with laser light which is expressed as 
number/B-inch wafer. 

[01 32] As will be understood from Figure 1 5, the number of particles on the polysilicon film 43 is reduced as the heat- 
ing temperature is increased from 30 °C. In particular, the number of particles is reduced significantly when the heating 
temperature becomes 70 °C or higher. On the other hand, the resist pattern 45 is deformed when the heating temper- 
ature becomes 120 °C or higher, so that the heating temperature is preferably in the range of 70 to 120 °C. Since the 
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number of particles is 10 or less and barely varies when the heating temperature becomes 120 °C or higher, a particu- 
larly preferred heating temperature is on the order of 1 00 °C. 

[0133] Figure 16 shows th relationship between a heating time and the number of particles on th polysilicon fflm43 
when the silicon wafer 41 is heated in a hot plate oven at 100 °C. The number of particles is counted based on optical 
5 reflection obtained when the top surface of the polysilicon film 43 is irradiated with laser light, which is expressed as 
number/8-inch wafer. 

[01 34] As will be understood from Figure 1 6, the number of particles is reduced as the heating time is increased from 
0 to 60 seconds. However, the number of particles is 10 or less and barely varies when the heating time becomes 60 
seconds or longer. 

10 [01 35] Figure 1 7 shows the relation between a heating temperature and the intensity of a SO2 component detected 
by TDS (Thermal Desorption mass Spectroscopy), i.e., the relation between the heating temperature and the desorp- 
tion of the S component 

[0136] As will be understood from Figure 1 7, the amount of discharged SOg is increased as the heating temperature 
is increased at the heating temperature ranging from 0 to 300 °C, though there are slight variations. 
15 [01 37] The results show that the S-based residues on the polysilicon film 43 and on the resist pattern 45 are evapo- 
rated and removed by heating the silicon wafer 41 in the hot plate oven after performing dry etching with respect to the 
organic bottom anti-reflective coating 44 by using S0 2 gas, resulting in a reduced number of particles. 

EMBODIMENT 8 

20 

[0138] An eight embodiment performs dry etching with respect to the organic bottom anti-reflective coating by using 
SC>2-based etching gas and then washes the silicon 41 with warm water, thereby removing residues having the S com- 
ponent present on the polysilicon film 43, the resist pattern 45, and the organic bottom anti-reflective coating 44. 
[0139] Although an apparatus for performing dry etching does not present a particular problem, the first dry etching 
25 apparatus shown in Figure 2 was used for comparison. A film having the structure shown in Figure 4 was used as a 
target film. 

[0140] Concfitions for the etching process according to the eighth embodiment performed with respect to the organic 
bottom anti-reflective coating 44 by using SO2 gas are as shown in Table 18. 

30 

Table 18 


CONDITIONS FOR ETCHING PROCESS 

SO2/O2 

32/8 (seem) 

LEP/RF 

54.24/13.56 (MHz) 
3 X 100/70 (W) 

PRESSURE 

5 (mTorr) 

TEMPERATURE OF LOWER ELECTRODE 

20 (°C) 


[0141] After dry etching is performed with respect to the organic bottom anti-reflective coating 44 by using SO2 gas, 
the silicon wafer 41 is washed in a washing bath for 90 seconds. 

[0142] Figure 18 shows the relation between the temperature of washing water and the number of particles on the 
45 polysilicon film 43 when the temperature of washing water is varied. The number of particles is counted based on opti- 
cal reflection obtained when the top surface of the polysilicon film 43 is irradiated with laser light, which is expressed as 
number/8-inch wafer. 

[0143] As will be understood from Figure 18, the number of particles on the polysilicon film 43 is reduced as the tem- 
perature of washing water is increased from 20 °C to 1 00 °C. However, since water boils at 100 °C, washing should be 
50 performed at a temperature of 90°Cor lower. 

[0144] Figure 1 9 shows the relation between a washing time and the number of particles on the polysilicon film 43 
when the silicon wafer 41 is washed in the washing bath at 70 °C. The number of particles is counted based on optical 
reflection obtained when the top surface of the polysilicon film 43 is irradiated with laser light, which is expressed as 
number/8-inch wafer. 

55 [0145] As will be understood from Figure 1 9, the number of particles is reduced as the washing time is increased from 
0 to 1 20 seconds. However, the number of particles is 1 0 or less and barely varies when the washing time becomes 1 20 
seconds or longer. 

[0146] The results show that the S-based residues on the polysilicon film 43 and on the resist pattern 45 are evapo- 


17 


EP 0 903 777 A1 


rated and removed by washing the silicon wafer 41 with warm water after performing dry etching with respect to the 
organic bottom anti-reflective coating 44 by using SQ2 gas, resulting in a reduced number of particles. 

EMBODIMENT 9 

5 

[0147] A ninth embodiment performs dry etching with respect to the organic bottom anti-reflective coating by using 
SO2 etching gas, neutralizes ackfic residues containing sulfuric acid as the main component and remaining on the sili- 
con wafer 41 with an alkaline developing solution for lithography, and washes away the developing solution to thereby 
remove the residues having the S component present on the polysilicon film 43, the resist pattern 45, and the organic 
10 bottom anti-reflective coating 44. 

[0148] Although an apparatus for performing dry etching does not present a particular problem, the first dry etching 
apparatus shown in Figure 2 was used for comparison. A film having the structure shown in Figure 4 was used as a 
target f am. 

[0149] Conditions for the etching process according to the ninth embodiment performed with respect to the organic 
15 bottom anti-reflective coating 44 by using S0 2 are as shown in Table 1 9. 


Table 19 


CONDITIONS FOR ETCHING PROCESS 

SQ2/O2 

32/8 (seem) 

LEP/RF 

54.24/13.56 (MHz) 
3X 100/70 (W) 

PRESSURE 

5 (mTorr) 

TEMPERATURE OF LOWER ELECTRODE 

20 (°C) 


[0150] When dry etching is performed with respect to the organic bottom anti-reflective coating 44 by using SOg gas, 
30 residues containing sulfuric acid as the main component are left on the silicon wafer 41 . The residues containing sulfu- 
ric acid are neutralized with the alkaline developing solution and thereby removed. Thereafter, the silicon wafer 41 and 
the organic bottom anti-reflective coating 44 are washed with water so that the remaining developing solution is 
removed. A developing solution normally used for lithography in a semiconductor manufacturing process is used in the 
present embodiment. The developing solution contains TMH (Tri-Methyl Ammonium Hydroxide) as the main compo- 
35 nent Since the developing solution contains no alkaline metal, no metal contamination occurs. 

[01 51 ] Figure 20 shows the relation between a neutralization time and the number of particles on the polysilicon film 
43 when the residues containing sulfuric acid as the main component are neutralized with the developing solution at 22 
°C. The number of particles is counted based on optical reflection obtained when the top surface of the polysilicon film 
43 is irradiated with laser light, which is expressed as number/B-inch wafer. As will be understood from Figure 20, the 
40 number of particles on the polysilicon film 43 is reduced as the developing time is increased from 0 to 120 seconds. 
However, the number of particles is 10 or less and barely varies when the developing time becomes 120 seconds or 
longer. 

[01 52] The results show that the S-based residues on the polysilicon f flm 43 and on the resist pattern 45 are evapo- 
rated and removed by neutralizing the acidic residues on the silicon wafer 41 with the alkaline developing solution and 
45 washing away the developing solution with water after dry etching is performed with respect to the organic bottom anti- 
reflective coating 44 by using SO2 gas. resulting in a reduced number of particles. 

[01 53] Although each of the fifth to ninth embodiments has used the polysilicon film 43 as the underlying film for the 
organic bottom anti-reflective coating 44, it will be appreciated that similar effects can also be achieved in the case 
where the underlying film is composed of an oxide film such as TEOS, a nitride film, a tungsten silicide film, a metal 
so alloy film, a ferroelectric f flm, or the like in the step of removing the remaining S component resulting from dry etching 
previously performed by using etching gas containing gas having the S component. 

[0154] Although each of the first to ninth embodiments has used the first dry-etching apparatus in accordance with 
the LEP (Lissajous Electron Plasma) system shewn in Figure 2, it will be appreciated that similar effects can also be 
achieved even when a dry-etching apparatus having a plasma source in accordance with RIE (Reactive Ion Etching), 
55 ECR (Electron Cyclotron Resonance), ICP (Inductive Coupled Plasma), TCP (Transformer Coupled Plasma) or like 
system is used. 
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EMBODIMENT 10 

[0155] A tenth embodiment has been achieved based on the foregoing second knowledge Specifically, th tenth 
embodiment performs dry etching with respect to the rganic bottom anti-reflective coating 44 containing silicon by 
5 using Qz^-based etching gas containing halogen as the main component As a result of analysis, it was found that 
the material of the organic bottom anti-reflective coating (CD9™ commercially available from Brewer Science Co., 
U.S.A.) used in the tenth embodiment had about 10 ppm of silicon mixed therein. 

[01 56] Although an apparatus for performing dry etching does not present a particular problem, the second dry etch- 
ing apparatus shown in Figure 3 was used for comparison. A film having the structure shewn in Figure 4 was used as 
w a target film. 

[0157] Conditions for the etching process according to the tenth embodiment are as shown in Table 20. 


Table 20 


CONDITIONS FOR ETCHING PROCESS 

CI2/O2 

20/20 (seem) 

ICP/RF 

13.56 (MHz) 
300/70 (W) 

PRESSURE 

5 (mTorr) 

TEMPERATURE OF LOWER ELECTRODE 

10 (°C) 


25 [0158] Etching properties are as shown in Table 21 . As will be understood from Table 21 , the organic bottom anti- 
reflective coating exhibited vertical profiles, though there are slight variations in the size of the organic bottom anti- 
reflective coating 44. Moreover, foreign residues generated by conventional dry etching using N2/O2 gas was no more 
generated. 

30 

Table 21 


ETCHING PROPERTIES 

ARC ETCH RATE 

200 (A/min) 

UNIFORMITY 

±3.5 (%) 

SIZE VARIATION 

SELECTIVITY TO POLYSILICON FILM 

-0.05 um (open) 
-0.02 um (dense) 

FOREIGN RESIDUE 

NONE 


[0159] The reason for no foreign residue may be that silicon contained in the organic bottom anti-reflective coating 44 
45 is etched by CI radicals contained in Cl^g-based etching gas and there is no unreacted silicon component left. 

EMBODIMENT 11 

[0160] An eleventh embodiment has also been achieved based on the foregoing second knowledge. Specifically, the 
50 eleventh embodiment performs dry etching with respect to the organic bottom anti-reflective coating 44 by using etching 

gas composed of C^A^-based etching gas with SO2 gas added thereto. The eleventh embodiment has also used the 

material of the organic bottom anti-reflective coating (CD9™ commercially available from Brewer Science Co., U.S. A.). 

The eleventh embodiment has also used the second dry etching apparatus shown in Figure 3 and the film having the 

structure shown in Figure 4 as a target film, similarly to the tenth embodiment 
55 [0161] Conditions for the etching process according to the eleventh embodiment are as shown in Table 22. Etching 

properties ar as shown in Table 23. As will be understood from Table 23, vertical profiles were obtained with reduced 

size variations. There was no foreign residue similarly to the tenth embodiment 
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Table 22 


CONDITIONS FOR ETCHING PROCESS 

CI2/SO2/O2 

10/10/20 (seem) 

ICP/RF 

13.56 (MHz) 
300/70 (W) 

PRESSURE 

5 (mTorr) 

TEMPERATURE OF LOWER ELECTRODE 

10 (°C) 


75 


Table 23 


ETCHING PROPERTIES 

ARC ETCH RATE 

1500 (A/min) 

UNIFORMITY 

±4.0 (%) 

SIZE VARIATION 

0.00 fim (open) 
-0.01 \m\ (dense) 

SELECTIVITY TO POLYSILICON FILM 


FOREIGN RESIDUE 

NONE 


30 [01 62] Compared with the tenth embodiment in which there were sliest size variations, i.e., the organic bottom anti- 
reflective coating 44 was slightly smaller in size than the resist pattern 45, the slight variations were further reduced in 
the eleventh embodiment When the organic bottom anti-reflective coating 44 is smaller in size than the resist pattern 
45, the size of a pattern formed by etching the polysilicon film 43 masked with the resist pattern 45 and with the organic 
bottom anti-reflective coating 44 varies disadvantageous^. However, there is no size variation in the pattern resulting 

35 from the polysilicon fim 43 according to the eleventh embodiment 

[01 63] The reason for no foreign residue in the eleventh embodiment may be that silicon contained in the organic bot- 
tom anti-reflective coating 44 is etched by CI radicals contained in Q^CVSX^-based etching gas and there is no unre- 
ached silicon component left. 

[0164] The reason for reduced variations in the size of the organic bottom anti-reflective coating 44 may be the diffi- 
40 cutty with which C as the main component of each of the resist pattern 45 and the organic bottom anti-reflective coating 
44 reacts with S as the etchant to form CSg gas. Consequently, sidewal) protecting films in the form of a polymer having 
C-S bonds are more likely to be attached to the respective sidewalls of the resist pattern 43 and the organic bottom anti- 
reflective coating 44, which suppresses a reduction in the size of the organic bottom anti-reflective coating 44. 

45 EMBODIMENT 12 

[0165] A twelfth embodiment performs a dry-etching step with respect to the organic bottom anti-reflective coating 
containing silicon by using etching gas composed of CI2/SO2/O2 gas and then plasma processing by using N2 gas 
which is inert gas containing no S component 
so [01 66] The twelfth embodiment has also used the material of the organic bottom anti-reflective coating (CD9™ com- 
mercially available from Brewer Science Co., USA). The twelfth embodiment has also used the second dry etching 
apparatus shown in Figure 3 and the film having the structure shown in Figure 4 as a target film. 
[01 67] Conditions for the etching process according to the twelfth embodiment are as shown in Table 24. The results 
of quantitative analysis of S carried out by ion chromatography are as shown in Table 25. 

55 


20 


EP 0 903 777 A1 


Table 24 


CONDITIONS FOR ETCHING PROCESS 


(1)STEP OF ARC 
ETCHING USING SO2 
GAS 

(2) STEP OF REMOV- 
ING S-COMPONENT 
BY USING No GAS 

GAS 

Cl^SO^/Oa 

= 10/10/20 (seem) 

Na 

= 100 (seem) 

ICP/RF 

13.56 (MHz) 
300/70 (W) 

13.56 (MHz) 
100A)(W) 

PRESSURE 

5 (mTorr) 

100 (mTorr) 

TEMPERATURE OF LOWER ELECTRODE 

10 (°C) 

10 (°C) 

SETTING OF ETCHING TIME 

60% OVER 

90 SECONDS 


Table 25 


COMBINATION OF 
STEPS 

DETERMINATION OF S 
BY ION CHROMATOG- 
RAPHY 

STEP (1) ONLY 

160 ug/ft-inch wafer 

STEP (1) + STEP (2) 

30 ng/8-inch wafer 


[01 68] As shewn in Table 25. the result of quantitative analysis of S carried out by ion chromatography was 1 60 pg/8- 
inch wafer in the case where only the step (1) was performed, i.a, where only dry etching was performed with respec- 
tive to the organic bottom anti-reflective coating 44 by using etching gas composed of Q0/SCVO2 Q 38 * Bv contrast the 
result of quantitative analysis of S carried out by ion chromatography was 30 jig/B-inch wafer in the case where the 
steps of (1) and (2) were performed, i.e., where dry etching was performed with respect to the organic bottom anti- 
reflective coating 44 by using etching gas composed of Q2/SO2/O2 gas and then plasma processing was performed by 
using a plasma composed of Ng gas without applying a bias voltage to the sample stage 23 as the lower electrode hold- 
ing the silicon wafer 41 as a target material. Compared with the case where only the step (1) was performed, the 
amount of S was reduced significantly in the case where the steps (1) and (2) were performed. 
[0169] Since etching gas contains the S component in the twelfth embodiment, the S component remains on the sil- 
icon wafer 41 after dry etching performed with respect to the organic bottom anti-reflective coating 44. The remaining 
S component may react with moisture contained in the atmosphere to generate residues. 

[0170] However, if plasma processing is performed as in the twelfth embodiment by using N 2 gas without applying a 
bias voltage to the sample stage 23 holding the silicon wafer 41 after dry etching is performed with respect to the 
organic bottom anti-reflective coating 44 containing silicon by using CI2/SO2/O2 gas, it is remarkably effective in reduc- 
ing residues since the S component remaining on the silicon wafer 41 is reduced significantly. 
[0171] tf plasma processing is performed by using N 2 gas with a bias voltage being applied to the sample stage 23 
holding the silicon wafer 41 , it is effective in reducing the remaining S component but a pattern collapse may occur in 
the upper portion of the resist pattern 45. This may be attributed to an excessive amount of N* ion component present 
in the upper portion of the resist pattern 45, which sputters the upper portion of the resist pattern 45. 
[01 72] If plasma processing is performed by using N2 gas without applying a bias voltage to the sample stage 23. only 
a small amount of N* ion component is present in the upper portion of the resist pattern 45, which prevents the N* ion 
component from sputtering the upper portion of the resist pattern 45 and the occurrence of pattern collapse in the upper 
portion of the resist pattern 45. 

[0173] Although the twelfth embedment has performed plasma processing by using N2 gas without applying a bias 
voltage to the sample stage 23, it is also possibl to perform anode-coupling plasma processing instead. 
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[0174] Although the twelfth embodiment has used N2 gas tor plasma processing, similar effects can be achieved H 0 2 
gas, Ar gas, He gas, or the like is used instead. 

[0175] Since the dry-etching step has been performed by using etching gas containing the S component, plasma 
processing is performed by using a plasma composed of N2 gas containing no S component in the twelfth embodim nt. 

5 Therefore, the conditions for plasma processing used in the twelfth embodiment, particularly for plasma processing per- 
formed without applying a bias voltage to the sample stage 23 and plasma processing performed by the anode coupling 
system, are also applicable to plasma processing performed in the fifth or sixth embodiment. 
[0176] Although the tenth embodiment has used Clg/CVbased etching gas and the eleventh and twelfth embodiments 
have used Cl^SCVC^-based etching gas, similar effects can be achieved if HBr/C^-based gas, HBr/SCVCVbased 

10 gas, CF4/HBr/02-based gas. or CFVCHF^Ar/C^-based gas is used instead as etching gas. 

[0177] Although each of the tenth to twelfth embodiments has used the second dry-etching apparatus in accordance 
with the ICP (Inductively Coupled Plasma) shown in Figure 3, it will be appreciated that similar effects can also be 
achieved even when a dry-etching apparatus having a plasma source in accordance with RIE (Reactive Ion Etching), 
ECR (Electron Cyclotron Resonance), TCP (Transformer Coupled Plasma), LEP (Lissajous Electron Plasma), or like 

75 system is used. 

Claims 

1 . A pattern formation method comprising: 

20 

a first step of depositing an organic bottom anti-reflective coating on an underlying film formed on a substrate; 

a second step of forming a resist pattern on said organic bottom anti-reflective coating; and 

25 a third step of performing dry etching with respect to said organic bottom arrti -reflective coating masked with 

said resist pattern to form an anti-reflective coating pattern composed of said organic bottom anti-reflective 
coating, wherein 

said third step includes the step of performing dry etching by using etching gas containing gas having a S com- 
30 ponent to form said anti-reflective coating pattern. 

2. A pattern formation method according to claim 1 , wherein the etching gas used in said third step is SCyC^-based 
gas. 

35 3. A pattern formation method according to claim 2, wherein a ratio of O2 to SO2 in said SCyC^-based gas is 1/2 or 
more. 

4. A pattern formation method according to claim 2, wherein said third step includes the step of performing dry etching 
with said substrate held at a temperature of 15 °C or lower to form said anti-reflective coating pattern. 

40 

5. A pattern formation method according to claim 1 . wherein the etching gas used in said third step contains carbonyl 
sulfide (COS). 

6. A pattern formation method comprising: 

45 

a first step of depositing an organic bottom anti-reflective coating on an underlying film formed on a substrate; 
a second step of forming a resist pattern on said organic bottom anti-reflective coating; and 
a third step of performing dry etching with respect to said organic bottom anti-reflective coating masked with 
said resist pattern to form an anti-reflective coating pattern composed of said organic bottom anti-reflective 
so coating, wherein said third step includes: 

a pattern forming step of performing dry etching by using etching gas containing gas having a S component to 
form said anti-reflective coating pattern; and 

a S-component removing step of removing the S component remaining on said substrate. 

55 7. A pattern formation method according to claim 6, wherein said S-component removing step includes the step of 
performing plasma processing by using a plasma composed of gas containing no S component to remove the S 
component. 
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8. A pattern formation method according to claim 7, wherein said plasma processing is performed by an anode cou- 
pling system or by a system whereby no bias voltage is applied to an electrode holding said substrate. 

9. A pattern tarnation method according to claim 7, wherein said plasma processing includes the step of setting a 
5 concStion for plasma processing composed of at least one of gas pressure, a gas flew rate, temperature, high-fre- 
quency output, and a processing time in accordance with the degree of ruggedness of a surface of said underlying 
film and with the type of said underlying film. 

10. A pattern formation method according to claim 6, wherein said S-componerrt removing step includes the step of 
io heating said substrate to remove the S component. 

11. A pattern formation method according to claim 6, wherein said S-component removing step includes the step of 
washing said substrate to remove the S component 

is 12. A pattern formation method according to claim 6, wherein said S-component removing step includes the step of 
neutralizing an acidic deposit on said substrate with an alkaline solution and washing said substrate to remove the 
S component 

13. A pattern formation method comprising: 

20 

a first step of depositing an organic bottom anti-reflective coating on an underlying film formed on a substrate; 
a second step of forming a resist pattern on said organic bottom anti-reflective coating; and 
a third step of performing crry etching with respect to said organic bottom anti-reflective coating masked with 
said resist pattern to form an anti-reflective coating pattern composed of said organic bottom anti-reflective 
25 coating, wherein 

said third step includes the step of performing dry etching with respect to said organic bottom anti-reflective 
coating by using etching gas containing at least one of halogen-based gas and fluorocarbon -based gas to form 
said anti-reflective coating pattern when silicon is contained in said organic bottom anti-reflective coating. 

30 Amended claims 

1 . A pattern formation method comprising: 

a first step of depositing an organic bottom anti -reflective coating on an underlying film formed on a substrate; 
35 a second step of forming a resist pattern on said organic bottom anti-reflective coating; and 

a third step of performing dry etching with respect to said organic bottom anti-reflective coating masked with 
said resist pattern to form an anti-reflective coating pattern composed of said organic bottom anti-reflective 
coating, wherein 

said third step includes the step of performing dry etching with respect to said organic bottom anti-reflective film 
40 by using etching gas containing gas having a S component without etching said underlying film, to form said 

anti-reflective coating pattern. 

2. A pattern formation method according to claim 1, wherein the etching gas used in said third step is SCV<V 
based gas. 

45 

3. A pattern formation method according to claim 2, wherein a ratio of Og to SO2 in said SCVCVbased gas is 1/2 
or more. 

4. A pattern formation method according to claim 2, wherein said third step includes the step of performing dry etch- 
50 ing with said substrate held at a temperature of 1 5 °C or lower to form said anti-reflective coating pattern. 

5. A pattern formation method according to claim 1 , wherein the etching gas used in said third step contains carb- 
onyl sulfide (COS). 

55 6. A pattern formation method comprising: 

a first step of depositing an organic bottom anti-reflective coating on an underlying film formed on a substrate; 
a second step of forming a resist pattern on said organic bottom anti-reflective coating; and 
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a third step of performing dry etching with respect to said organic bottom anti-reflective coating masked with 
said resist pattern to form an anti-reflective coating patt m composed of said organic bottom anti-reflectrv 
coating, wherein said third step includes: 

a pattern forming step of performing dry etching with respect to said organic bottom anti-reflective film by using 
s etching gas containing gas having a S component without etching said underlying film, to form said anti-reflec- 

tive coating pattern; and 

a S-component removing step of removing the S component remaining on said substrate. 

7. A pattern formation method according to claim 6, wherein said S-component removing step includes the step of 
w performing plasma processing by using a plasma composed of gas containing no S component to remove the S 

component. 

8. A pattern formation method according to claim 7, wherein said plasma processing is performed by an anode cou- 
pling system or by a system whereby no bias voltage is applied to an electrode holding said substrate. 

is 

9. A pattern formation method according to claim 7, wherein said plasma processing includes the step of setting a 
condition for plasma processing composed of at least one of gas pressure, a gas flow rate, temperature, high-fre- 
quency output, and a processing time in accordance with the degree of ruggedness of a surface of said underlying 
film and with the type of said underlying film. 

20 

10. A pattern formation method according to claim 6, wherein said S-component removing step includes the step 
of heating said substrate to remove the S component. 

1 1 . A pattern formation method according to claim 6, wherein said S-component removing step includes the step 
25 of washing said substrate to remove the S component. 

12. A pattern formation method according to claim 6, wherein said S-component removing step includes the step 
of neutralizing an acidic deposit on said substrate with an alkaline solution and washing said substrate to remove 
the S component. 

30 

13. A pattern formation method comprising: 

a first step of depositing an organic bottom anti-reflective coating on an underlying film formed on a substrate; 
a second step of forming a r esist pattern on said organic bottom anti-reflective coating; and 
35 a third step of performing dry etching with respect to said organic bottom anti-reflective coating masked with 

said resist pattern to form an anti-reflective coating pattern composed of said organic bottom anti-reflective 
coating, 

wherein said third step includes the step of performing dry etching with respect to said organic bottom anti- 
reflective coating by using etching gas containing a S component a CI component, and an O component to 
40 form said anti-reflective coating pattern when silicon is contained in said organic bottom anti-reflective coating. 

1 4. A pattern formation method accorcfing to claim 1 , wherein the etching gas used in said third step contains only 
the S component and an O component 

45 Statement under Art 1 9.1 PCT 

Claims 1 and 6 clearly state that the third step includes the step of performing dry etching with respect to the 
organic bottom anti-reflective coating, without etching the underlying fOm, to form the anti-reflective coating pattern 
composed of the organic bottom anti-reflective coating. 

so Inventive aspects as set forth in claims 1 and 6 are methods of forming a pattern composed of an organic bottom 
anti-reflective coating, which use gas containing the S component to dry-etch the anti-reflective coating. This exerts the 
effects of :(1) preventing variations in the size of the anti-reflective coating and achieving selectivity to the underlying fflm 
without causing surface roughness; and (2) preventing the production of foreign residues. 

The inventive aspect as set forth in claim 6 also allows the removal of the S component generated on the substrate. 

55 JP08-1 1 401 A discloses a method of forming into wiring a multilevel structure composed of an Al-based metal layer 
stacked on refractory metal by performing anisotropic etching with respect thereto, wherein gas containing Br as the 
main component is used to etch the Al-based metal layer and gas containing CI as the main component and gas con- 
taining O as the main component are used to etch the refractory metal. 
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JP07-263425A discloses a method of forming into wiring a multilevel structure composed of an Al-based metal 
layer stacked on refractory metal by performing anisotropic etching with respect thereto, wherein gas containing sulfur 
chloride as the main component is used to etch the Al-based metal layer and gas containing sulfur fluoride as the main 
component is used to etch the refractory metal. 

JP09-134862A discloses the invention relating to a method of forming a resist pattern wherein an anti-reflective 
coating is entirely siiytated and a resist film formed on the anti-reflective coating is patterned. The method uses CF 4 as 
etching gas for the anti-reflective coating. 
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Fig. 1 (a) 
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Fig. 1(c) 
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Fig. 1 (d) 
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Fig. 1 (e) 
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Fig. 2 
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Fig. 3 
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Fig. 4(a) 
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Fig. 22 
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